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CHAPTER I
INTRODUCTION TO THE STUDY
The injection has come to occupy a major role in the practice of
medicine. Many people equate going to the hospital with injections.
Every toy ’’doctor" and "nurse” kit has a syringe and needle. Parents
threaten their children with an injection as punishment for misconduct.
In the Nyanja language, spoken by several million people in central 
Africa, the word for doctor is sing* anga or needle.i The common famil­
iarity of medical personnel with the procedure has led to a very casual
attitude and even gross carelessness in administration of injections.
Like many technical procedures, the injection was originally the
function of the physician but has commonly been delegated to the nurse.
Zelman wrote that "physicians may be inclined to treat them [intramus­
cular injections] perfunctorily.
2by nurses may lead to improper practices of that technique."
Such an attitude, innocently acquired
The administration of an injection demands the preparation, the
finesse, and the expert skill of a surgical operation. The literature
is replete with the reports of sequelae following medication by care-
Hanson observed that "suchlessly placed intramuscular injection.
1David Clement Scott, A Cyclopaedic Dictionary of the Mang'anja 
Language Spoken in Central Africa (Edinburgh: Foreign Mission Committee 
of the Church of Scotland, 1892), p. 574.
^Samuel Zelman, "Notes on Techniques of Intramuscular Injection," 
The American Journal of the Medical Sciences, 241:563, May, 1961.
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complications, which may be disastrous, not only cause increased mor­
bidity and disability for the patient but may also provide bases for
3malpractice suits." Pitel and Wemett emphasized the problem by stating
that,
. . . unless the nurse has a precise anatomic understanding
of the area into which she is inserting the needle, she jeop­
ardizes both her patient’s welfare and her own professional 
competency each time she gives an intramuscular injection.^-
There has been a great amount of emphasis, and properly so, on
the importance of the anatomical structures to be avoided, i.e. the
sciatic nerve, the radial and ulnar nerves, and major blood vessels, to
There is discussion about how to select the sites formention a few.
best therapy and least discomfort.
Hanson urged, "Use a needle of adequate length. 
wrote that "the diameter of the overlying subcutaneous layer may vary
Some few mention the choice of
needle. Lachman
from 9.0 cm. [3 1/2"] in very obese individuals to 1.0 cm. [3/8"] in 
old and emaciated people.
I. THE PROBLEM
The problem of this study was to search for the correlations
3Daniel Hanson, "Intramuscular injection Injuries and Complica­
tions," Gj?, 24:109, January, 1963.
^Martha Pitel and Mary Wemett, "The Intramuscular Injection," 
The American Journal of Nursing, 64:104, April, 1964.
^Hanson, £p. cit.,
^Ernest Lachman, "Applied Anatomy of Intragluteal Injections," 
The American Surgeon, 29:236, March, 1963.
115.P-
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between various body measurements and the depth of the subcutaneous
tissue, and to try to establish a way to select the length of needle
required to reach well into the belly of the muscle.
Need for the Study
All members of the health team are concerned with improving the
Patients will have a more rapidlevel of efficiency of nursing care.
and less eventful recovery when accurate therapeutic procedures are em­
ployed, and if these procedures cause minimal discomfort the patients
The objective of this study was to develop a tool thatwill be happier.
would improve intramuscular injection technique and reduce the incidence
of undesirable complications following subcutaneous placement of medi-
The need for thiscations that should have been in the musculature.
study is shown by the wide gulf between, what is preached and what is
practiced in intramuscular injection technique.
Basic Assumptions
As a foundation for this study, it has been assumed that the
sites for intramuscular injection as described and documented in the
No effort has been made to defendliterature are the sites of choice.
these sites, but to review their identification as a means to accuracy
in the research, and improve nursing practice.
It has also been assumed that the intramuscular injection tech­
niques of asepsis, rotation of sites, Z-technique to prevent back­




This study has been in the form of a pilot study to develop the
tool. The subjects were limited to young and middle age adult females.
None of the subjects were patients. All subjects were in good health
and gave no history of previous deforming illness, such as poliomyelitis,
The inclusion of other groups, as the extremes of age and malesetc.
would have necessitated that each group be treated and analyzed sepa-
This would have added nothing to the study of this group.rately.
Study was limited to the four traditional sites for intramuscular in­
jection.
Definition of Terms
For the purposes of this study the terms were defined as follows:
This is a rectangle of which the supe-Deltoid Injection Site.
rior margin is the lower edge of the acromion.and the inferior margin
. is even with the axilla. The lateral margins are located to include the
7lateral one third of the total circumference of the arm. See Figure 1.
'A line drawn from the posterior 
superior iliac spine to the greater trochanter of the femur.
Gluteus Maximus Injection Site.
This is
a modification of the former method of locating this site by dividing the
The injection site is lateral and superior tobuttock into quarters.
this diagonal line. See Figure 2.
^intramuscular Injections (New York: Wyeth Laboratories, Divi­
sion of the American Home Products Corporation, 1964), p. 6.
^Hanson, op. cit., p. 113.
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Figure 1. The Deltoid Injection Site,, This is a rectangle of 
which the superior margin is the lower edge of the acromion and the 
inferior margin is even with the axilla. The lateral margins are 
located to include the lateral one-third of the total circumference of 
the arm.
aDrawing from: Pitel and ¥emett, od. cit., p. 108.
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iA and A : LinesFigure 2.
demonstrating the classic method of location of upper outer quadrant'
The Gluteus Maximus Injection Site.
of gluteal area. B: Line demonstrating ease with which misplaced 
line can expose sciatic nerve to injection. C; Recommended modifica­
tion to ensure proper location of injection. This is a diagonal line 
from the posterior iliac spine to the greater trochanter,Cv
3/Diagram from Hanson, on^. cit., p. 113.
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Gluteus Medius or Ventrogluteal or Anterior Gluteal Injection
This is the site located by placing the tip of the index fingerSite.
the anterior superior iliac spine and widely abducting the thirdon
Thefinger to find the crest of the ilium and stopping just below it. 
site is outlined by the triangle forced by the two fingers and the
9 See Figure 3.crest of the ilium.
Lateral Femoral Injection Site. _ This area is the part of the
muscle mass lying a hand’s breadth below the greater trochanter and
another hand's breadth above the knee and bounded laterally by the mid­
thigh anteriorly and around to the posterior lateral about one-third
1 0of the circumference of the limb. w See Figure 4.
II. METHODOLOGY
In this study the exploratory method has been used. Several of
the authorities noted in Tables Ii and III (pages 29, 30) of this study
"adequate,n "suitable," "at least,"have made ambiguous statements as:
"long," and "as a rule of thumb," as to the needed equipment for intra-
Each of these terms has a different meaning formuscular injections.
in situations such as this,each individual using or reading them.
where the guide lines are so very general, Selltiz, et al., wrote that,
. . exploratory research is necessary to obtain the experience that
will be helpful in formulating relevant hypotheses for more definitive
^Zelman, op. cit., p. 572.
10 12.Intramuscular Injection, Wyeth, op. cit., p.
8
The Gluteus Medius or Ventral Gluteal InjectionFigure 3.
The two-fingered technique of localization of the injection 
The index finger placed on the anterior superior iliac spine.
Site, 
site.
and the third or middle finger widely abducted and placed just below 
the iliac crest.
3/Drawing from: Zeiman, ojd. cit-., p. 572.
\
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This area isThe Lateral Femoral injection Site,Figure 4• _______________________________________
the part of the muscle mass lying a hand’s breadth below the greater 
trochanter and another hand’s breadth above the knee and bounded
laterally by the mid-thigh anteriorly and around to the posterior 
lateral area about one-third of the circumference of the limb.
S/Drawing from: Pitel and Wemett, £p. cit.«, p. 107.
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11 Tyler stated that one of the characteristics of ainvestigation.
profession was "basing its techniques of operation upon principles
iil2rather than rule-of-thumb procedures or simple routine skills. This
is an exploratory study to add another foundation principle to the intra­
muscular injection procedure.
A general review of the literature was done on the subjects of
parenteral injection, the advantages of properly placed injections, the
choice of sites, the external body measurements, and the hazards of
intramuscular injection. This provided a background for the study.
The study consisted of taking external and internal body measure­
ments to establish a basic relationship between the various body sizes.
A pilot study was done by taking the internal measurements on postmortem
The study proper was done by taking the internal measurementssubjects.
with the use of the electromyograph on live subjects.
Pilot Study
A pilot study of postmortem examinations was done at a general
Because of the possibility of mal-hospital in southern California.
practice suits, the study was limited to "state board bodies," or those
individuals for whom the state assumes responsibility for final dispo-
The detail of this procedure is described in Appendix A.sition.
The staff of the department was very cooperative but the avail-
■*-±Claire Selltiz, et al. , Research Methods in Social Relations 
(Holt, Rinehart and Winston, Inc., 1962), p. 52.
12Ralph W. Tyler, 'Distinctive Attributes of Education for Pro­
fessions," Social Work Journal, 33:55, April, 1952.
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ability of subjects for this purpose was very limited. Eight males and
two females were examined in this way. There began to develop a pattern
that showed weaknesses in this source of data. Most of the subjects
were severely malnourished, physically deteriorated. Table I is a sum­
mary of the data collected on the males. The ages ranged from 50 to 85
with a mean age of 66.6 years. The height ranged from 63 to 68.9 with a
mean height of 66.2 inches. The weight ranged from 104 to 199 with a
mean weight of 135.6 pounds. If the one individual of 199 pounds is ex­
cluded, the mean weight of the remaining subjects was 129 pounds.
A second weakness in this method was the procedure used to care
Most had been dead for one week.for the subjects. They had been em­
balmed and allowed to lie on the back on varying types of surfaces.
This caused gross distortion to the surface tissues of the body. There
were many difficulties to approximate a contour of a normal individual.
Subjects offered by the anatomy department of a medical school were
helpful in that some were of the obese range, but these were subject to
Neither of these groups pro-greater distortion of the surface tissues.
vided subjects in the average range or normal size of individuals.
Electromyography as a Tool
Tne search continued for a method whereby these measurements
could be made on living individuals. Instructors of physiology suggested
that the electromyograph would provide the information that was sought.
The physician in charge of the department of physical medicine and re­
habilitation confirmed this fact that electromyography would indeed tell
the exact depth of the subcutaneous layer and when the muscle was reached.
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TABLE I
SUMMARY: EIGHT MALES, POSTMORTEM EXAMINATION SHOWING 
BODY SIZES AND DEPTH OF SUBCUTANEOUS AND 
MUSCULAR TISSUE
MedianRangeArea Mean
Age (years) 50.00 - 85.00 62.00 66.62
63.00 - 68.90 67.00 66.23Height*
Weight (pounds) 104.00 -199.00 137.00 135.60
Circumference of 
Deltoid* 6.70 - 11.80 9.90 9.75
Subcu. Tissue 
Deltoid* 0.19 - 0.47 0.340.32
Muscle, Deltoid* 0.59 - 1.20 0.80 0.86
Circumference of Hip* 31.90 - 38.20 33.09 33.48
0.27 - 1.38 0.680.70Subcu. Tissue Hip*
1.20 - 2.24 1.67Muscle, Hip* 1.60
Subcu. Gluteus 
Medius* 1.26 0.820.31 0.85
Muscle, Gluteus 
Medius* 1.00 - 2.12 1.90 1.70
12.00 - 19.70 15.00 15.27Circumference Thigh*
0.19 - 0.68 0.25 0.35Subcutaneous Thigh*
0.39 - 1.60 1.01 1.05Muscle, Thigh*
* These measurements are all recorded in inches.
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The facilities, space and equipment of the department were graciously
offered for use in the study.
Like electrocardiography and electroencephalography, electromy­
ography . . is based on the fact that nerve and muscle activity pro-
n 13duces measurable electric potentials. Golseth stated that, "when
muscles contract, they generate electricity. This muscle electricity
„14can be seen and heard on the electromyograph. According to Clip-
pinger the "basic unit or muscle action potential in skeletal muscle is
a diphasic wave varying in magnitude from 100 to 3,000 microvolts and
ir 15in duration from two to ten milliseconds. These waves have a fre­
quency of from 5 to 30 per second and produce a "characteristic thumping
nl6noise in the loud speaker. McDermott, et al., referred to the sound
„17as "sharp and thumping.
Figure 5 shows the calibration of the electromyograph with the
This is for comparison with Figure 6wave pattern of 100 microvolts.
which shows the normal muscle action potentials.
13Gerald G. Hirschberg and Arthur S. Abramson, "Clinical Electro­
myography," Archives of Physical Medicine, 31:576, September, 1950.
■^James G. Golseth, "Diagnostic Contributions of the Electromyo­
gram," California Medicine, 73:355, October, 1950.
15Frank W. Clippinger, J. Leonard Goldner, and John M. Roberts, 
"Use of the Electromyogram in Evaluating Upper-Extremity Peripheral 
Nerve Lesions," The Journal of Done and Joint Surgery, 44:1050, Septem­
ber, 1962.
■^Golseth, loc.
James F. McDermott, Walter L. Modaff, and Robert W. Boyle, 







Figirre 5. Electromyograph. oscilloscope recording showing 
callibrations of 100 microvolt wave pattern. This provides a 
base for evaluation of clinical wave patterns.
\
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The sensory nerve fibers also produce action potentials. These
are "small diphasic or triphasic potentials with an amplitude of less 
than 60 microvolts and a duration of 2-3 msec."^L' Dawson showed that
they were developed at a speed similar to that of motor fibers in the
19same nerve trunk. These produced a very reduced sound, compared to
motor potentials, more dull and rumbling. Figure 7 shows the potentials
from the nerves in the subcutaneous fat for comparison with the muscle
potentials in Figure 6.
The presence of the diagnostic motor muscle potential was taken
as evidence of muscle penetration, therefore the point at which the
muscle was reached.
McDermott, et al., described the operations of electromyography
and the equipment needed to make the measurements and reports:
Electromyography is concerned with the detection, recording 
and interpretation of the intrinsic electrical activity gener­
ated by the conduction mechanism of skeletal muscles, 
electromyograph, therefore, includes a needle electrode, stable, 
highly sensitive direct coupled amplifiers, a cathode ray oscil­
loscope for displaying the potentials, a loudspeaker, a magnetic 
tape recorder and a Polaroid Land (R) or kymographic camera.20
The
The needle electrode is a small (approximately 22 gauge) hypo­
dermic needle with a small insulated wire fitted into the lumen. The
18 Sidney Licht (ed.), Electrodiagnosis and Electromyography (New 
Haven, Connecticut: Elizabeth Licht, Publisher, 1961), p. 387.
^Ibid.; and G. D. Dawson, "The Relative Excitability and Con­
duction Velocity of Sensory and Motor Nerve Fibres in Man," The Journal 
of Physiology, 131:436-451, 1951.
20y[cDermott, oj3. cit. , p. 103; cf. Golseth, _op. cit. , p. 355.
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wall of the needle acts as one electrode with an insulated lead attached
and the core wire, fitting flush with the bevel of the needle acting as
the other electrode, also attached to an insulated lead. This is a co­
axial needle and eliminates the need for a second electrode or ground.
Potentials are recorded only in the area exposed to the bevel of the
Figure 8 shows the construction of the needle electrode.needle.
The electromyograph apparatus is shown in Figure 9. This is a
complete unit with amplifier, cathode ray oscilloscope, loudspeaker, and
magnetic tape recorder. Because the potentials are in the millisecond
range,
. . . the cathode ray oscilloscope which indicates the poten­
tials by means of a beam of electrons moving horozontally 
across the oscilloscope screen proves more satisfactory than 
the pen writer. The horizontal sweep is calibrated to give 
duration, while the vertical deflections are calibrated toongive the amplitude.
The loudspeaker transforms the potentials into audible sound and this
provides that "one may simultaneously listen to and visualize muscle
„22electrical potentials.
The tape recorder can be connected so that the full examination
can be recorded including verbal descriptions of each step in the pro-
This recording can be played back for later study and willcedure.
reproduce the full oscilloscope record and the sound of the potentials.
Permanent record of the tracing can be made by photographing the oscil­
loscope screen.





This equipment is so very sensitive to external stimuli that
care must be exercised that there is no electrical interference that
would cause confusing artifacts and abnormal potentials. This required
that the work be done in the special room with properly grounded elec­
trical outlets.
Technique of Using the Tool
The procedure for determination of the depth of the subcutaneous
tissue was outlined in the following manner. The equipment was assembled
as follows:
special electromyographic needles 
Zephirin (R), 1:750
plastic rulers cut to the length of each individual needle 
steel tape, 72 inches 
cotton balls, sterilized
Routine asepsis was carried out. Needles and special rulers were steri­
lized by Ethylene Oxide Freon (R). The skin was cleansed with the cot­
ton swabs and the Zephirin (R).
The needle was inserted at the selected site and the subject was
asked to contract the muscle slightly. The needle was advanced until
the "muscle" potential was heard on the loudspeaker and visualized on
the oscilloscope. The subject was instructed to continue a mild con­
traction as the needle was withdrawn slightly until the "muscle" po­
tential was not heard or seen. Then the needle was very carefully ad­
vanced until the muscle potential began again. This movement of the
needle amounted to about 1/16 inch or less, to produce the change from
when muscle potential was seen and when it was not seen. This is be­
cause only the bevel of the needle is receptive to the electrical
22
stimuli. Therefore this is a very accurate tool for measuring the point
when the muscle is reached. At this time the part of the needle re­
maining exposed was measured with the previously prepared ruler. By
placing the largest reading on the ruler against the skin, a direct
reading could be taken at the point on the ruler opposite, coinciding
with the hilt end of the needle. This measurement showed the exact
depth the needle had been inserted below the surface. See Figure 10.
This procedure caused a minimum of discomfort as there was no
volume of medication injected to cause swelling of tissue. The subjects
were asked to contract against resistance of the hand of the researcher.
This produced an isometric contraction in which the muscle became tense
but there was no excursion of the muscle belly that contained the needle 
23electrode. This maneuver was a precaution to eliminate unnecessary
discomfort at the needle site.
General Body Measurements
The other body measurements were made on each subject at the time
(Please refer to the Data Sheet in Appendix C.)of the electromyograph.
All measurements were made in common units of pounds and inches. The
fractions were reduced to decimals for the advantage of using the com­
puter. Inches were decided upon because the commercially supplied
needles are marked in inches. The postmortem study was done in the
metric system but this has been converted to pounds and inches for the
23Clippinger, ££. cit., 
Physiology (New York:
Inc., 1961), p. 34.
1050; and L. L. Langley, Outline of 
The Blakiston Division, McGraw-Hill Book Company,
P-
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Measuring the Depth of Insertion of Needle,Figure 10.__________________ ________________________
Diagram showing the coaxial needle electrode inserted into the body 
with the tip of the needle just penetrating the muscular layer.
The method of measuring to show the depth of insertion is shown oy 
the placement of the specially cut ruler.
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possible benefit of comparisons that could be made with the study done
by electromyograph.
Weight was measured on the clinical scale of the department of
physical medicine.
Height was measured with the apparatus on the clinical scale.
Circumference of the deltoid was measured by passing the steel
tape around the arm as high into the axilla as was possible so as to be
at the lower margins of the area where injections are given.
Circumference of the hip was measured by placing the steel tape
around the body at the level of the symphysis pubis. This level was
chosen because it is a firm landmark that could be used by anyone with­
out special training.
Circumference of the thigh was measured at a point midway between
the knee and the greater trochanter of the femur.
Selection of Subjects
The method of selection of subjects for this study was the con­
venience sample. The mention of the subject of injections generated a
large amount of hostility in many individuals. Many people were curious
about the study but when asked for their assistance, suddenly became
very busy.
The subjects were drawn from the student and staff groups of the
para-medical disciplines of a university in southern California.
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III. SUMMARY
The need for the study of the depth of intramuscular injections
was established by showing the wide variation of opinion and practice.
A pilot study on postmortem subjects was reported as unsatisfactory.
Description of the electromyograph as an effective accurate tool was
The method of selection of subjects and problem of securinggiven.
cooperation was discussed.
CHAPTER II
REVIEW OF PERTINENT LITERATURE
Literature was reviewed on two subjects:
1. Parenteral therapy
Value and advantagesa.
b. Value of the intramuscular injection
The length of needle required to reach the intramuscularc.
depth
d. Complications from drugs not located in the musculature
The hazards and morbidity concomitant with injectionse.
Determinations of gross body measurements2.
I. PARENTERAL THERAPY
Value and Advantages of Parenteral Therapy
Parenteral administration of medications is very common in medi­
cal practice. Post-surgical patients frequently receive six to twelve 
injections of various agents each day.^ Varying circumstances dictate
the method of choice for giving medications. Some of the reasons for
giving parenteral injections are:
To administer medication when the mental or physical 
state of the patient may make any other route impossible.
1.
2. To achieve a quick response to the medication.
3. To guarantee the accuracy of the amount of medication




4. To obtain a sure response from the patient.
To prevent irritation of the digestive system, loss 
of medication through involuntary ejection or destruction 
by digestive acids.25
5.
Administration of medication in these ways is very effective and often­
times lifesaving.
Intramuscular Injection
The muscle is liberally supplied with blood vessels and poorly
supplied with sensory nerves. The muscle is deep within the body struc­
ture and near the large blood vessels that facilitate rapid "pick-up" by
the circulation of the medication. This provides for a faster develop­
ment of therapeutic level of the drug. Concentrated, hypertonic solu­
tions, medications in suspensions and those in an oily vehicle must be
Oinjected into the muscle. The movement of the muscle in exercise also -
increases the rate of absorption. One authority described the intra-
"When given properly, the intramuscular in-muscular injection thus:
jection is probably the easiest, safest, and best tolerated of the
m27several types of injections.
Length of Needle Required to Reach the Muscle
There is a wide variation in the thickness of the subcutaneous
^Intramuscular Injections, Wyeth, p. 2. 
^^zelman, ££. cit., p. 568.
2^Intramuscular Injections, Wyeth, p. 3.
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layer in different individuals. Lachman wrote regarding the problem
of evaluating this factor:
Since the panniculus adiposus is firmly attached to the 
underlying fascia by connective tissue septa, it is hard to 
estimate its thickness by palpation or elevation of skin 
folds, so that erroneous deposition of th agent in the 
subcutis is quite common.
The words "intramuscular injection" indicate that the medication is
supposed to be placed within the muscle.
Table II shows the recommendations of several physician authori­
ties as to the length of needle required to administer an intramuscular
Table III is a similar list from nursing authorities. Someinjection.
are quite specific and a few leave it to the judgment of the nurse,
The average length recommendedmaking no suggestion beyond "adequate."
is two inches for an average individual.
Currently there is a great emphasis on the advantages of using
disposable equipment. The accounting department reports that it is more
economical for it would be necessary to use the non-disposable needle
six times to recover the initial cost compared to the disposable needle
and then there are additional costs for sorting, cleaning, sharpening,
The epidemiologist is happy that there will not beand.sterilizing.
any cross infection from improperly sterilized needles.
Table IV is a list of the disposable equipment, needles, and
syringes with pre-packaged medications, that are currently available,
as recorded in the catalogues from the surgical and pharmaceutical supply
It will be noted that the longest disposable intramuscularcompanies.
OO Lachman, ££. cit. , p. 236.
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TABLE II
RECOMMENDATIONS OF PHYSICIAN AUTHORITIES AS TO THE 



















* All measurements are in inches.
a"Intramuscular Injection," British Medical Journal, 5254:578, 
579, September 16, 1961.
^Daniel J. Hanson, "Intramuscular Injection Injuries and Compli­
cations," GP, 24:114, 115, January, 1963.
cErnest Lachman, "Applied Anatomy of Intragluteal Injections," 
The American Surgeon, 29:236, 237, March, 1963.
^John Hinchman Stokes and Jane Barbara Taylor, Dermatology and 
Venereology for Nurses (Philadelphia: W. B. Saunders Company, 1949), 
p. 279.
'Notes on Techniques of Intramuscular Injection,"eSamuel Zelman,




RECOMMENDATIONS OF NURSING AUTHORITIES AS TO THE LENGTH 
OF NEEDLE REQUIRED FOR INTRAMUSCULAR INJECTION
Range*Authority- Average* Reference
11/2-2 1/2 
1 1/2 - + 
11/2-2 1/2
2Cooper



















1 ?- long i
* All measurements are in inches.
aSigne S. Cooper, "Guides for Giving Injections," RN 23:57+,
January, 1960.
^Florence Dakin, Ella M. Thompson, Margaret LeBaron, Simplified 
Nursing (Philadelphia: J. B. Lippincott Company, 1956), p. 701.
CBerfha Harmer, and Virginia Henderson, Textbook of the Princi­
ples and Practice of Nursing (New York: The Macmillan Company, 1957), 
p. 729.
^"Intramuscular Injections," Nursing Times, 57:1043, October,
1961.
eM. Esther McClain, Shirley Hawke Gragg, Scientific Principles 
in Nursing (St. Louis: The C. V. Mosby Company, 1962), p. 257.
^Mildred L. Montag, and Margaret Filson, Nursing Arts (Phila­
delphia: W. B. Saunders Company, 1953), pp. 445, 446.
^Evelyn Pearce, A General Textbook of Nursing (London: Faber 
and Faber, 1956), p. 279.
^Alice E. Price, The Art, Science and Spirit of Nursing (Phila­
delphia: W. B. Saunders Company, 1959), p. 664.
^Audrey Latshaw Sutton, Bedside Nursing Techniques (Philadelphia: 
W. B. Saunders Company, 1964), pp. 65-67.
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TABLE IV
DISPOSABLE NEEDLES COMMERCIALLY AVAILABLE 
FOR PROFESSIONAL USE
Brand Name** Range of Length Supplied* Reference
5/8 - 1 1/2B-D Hypack a
1/2 - 1 1/2Monoject a
1/2 - 1 1/2Pharmaseal a
1/2 - 1 1/2Tomac a
1/2 - 1 1/2Discardit b
5/8 - 1 1/2Aloe c
5/8 - 1 1/4***Wyeth Tubex d
* All measurements recorded in inches. 
Proprietary Names.
aAmerican Hospital Supply, Catalog "A'r, Nursing Service (Evanston, 
Illinois: American Hospital Supply: Division of the American Hospital 
Supply Corporation, 1964), pp. 151-173.
kyill Ross, Inc., Catalog No. 45 (Los Angeles: Will Ross, In­
corporated, 1962), p. 288.
cAloe Medical Supplies Catalog No. 210 (St. Louis: Aloe Medical 
Supplies: Division of Brunswick Corporation, 1964), pp. 187-189.
^Wyeth Pharmaceutical Catalog. Wyeth General Offices and Insti­
tute for Medical Research (Radnor, Penna.: Wyeth Laboratories, Division 
of American Home Products Corporation, February 5, 1965), pp. 59, 60.
***Wyeth has a new item, January, 1966. 
18g x 2 inch needle.”
”Bicillin 4 cc. with an
32
needle is one and one-half inches and there is one item among the pre­
packaged medications supplied with a two inch needle. A comparison of
these tables will show that there would be difficulty in complying with
the instructions on Tables II and III with the supplies listed in
Table IV.
Some authors have been rather casual in their treatment of this
Hanson urged the use of an "adequate length needle," and con-subject.
tinued, "The most important factor is to locate the needle tip deep
u29 In spite of this emphasis, Hansonwithin the selected muscle mass.
Zelmandoes not make any specific recommendation as to needle length.
stated that the "... needle should be long enough to reach well into
the belly of the muscle," and that "a needle of one inch lengh is never
adequate in any but emaciated adults." He continued, "A needle of
three or even four inches length may be required in an extremely obese
,30 Lachman offered a formula for choosing the needle:person.
As a rule-of-thumb it can be assumed that in the average 
individual a needle, two to two and one-half inches long, will 
deposit the drug in the musculature provided the needle is 
directed vertically
But Lachman has given no criteria for judging this "average individual."
Who would qualify?
A careful search of the literature has not revealed any study
^Hanson, ojd. cit. ,
^^Zelman, ££. cit. , 





done to correlate body sizes with the amount of subcutaneous tissue at
Some have been done measuring the skin fold with calipersthese sites.
to determine the amount of fat but this was in relation to general
32weight and height studies. These were not done with specific refer­
ence to intramuscular injection sites.
Hazards and Morbidity Coneomitant with Intramuscular injections
The study of physiology has shown that the individual parts of
the body maintain a constant state of homeostasis of the concentrations
and components of the fluid and structure of each cell and the extra­
cellular spaces as well. Any stimulation, whether mechanical or chemi­
cal, such as the change of the components of the intercellular fluid,
causes a change in the electrical charge and many changes in function 
are initiated.
The introduction of a medication by injection changes the com­
ponents of the extracellular fluid and an electrically charged exchange
process is established whereby this foreign substance is diffused into
the circulation and thus throughout the body. Every injection disturbs
the homeostasis of that portion of the human body, where it is intro-
The amount of disturbance depends on the substance introduced.duced.
and the location, and the ability of the body to recover the homeostatic
balance.
32;l. B. Pett and G. F. Oglivie, "The Canadian Weight-Height Sur­
vey," Josef Brozek, (ed.), Body Measurements and Human Nutrition (De­
troit: Wayne University Press, 1956), p. 70+; and cf. Lachman, ££. cit., 
p. 236.
33Arthur C. Guyton, Textbook of Medical Physiology (Philadelphia: 
W. B. Saunders Company, 1961), p. 5.
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The skin is liberally supplied with sensory nerves.Pain.
Patients have come to expectThese register a protest at any intrusion.
34this, but not to accept it gracefully. Travell also noted that in
areas of chronic pain as with neuritis and rheumatism, hypersensitive
These are sometimes called "trigger areas" and whenareas will develop.
the needle penetrates one of these, the patient will be "certain that
,,35the needle has 'hit a nerve', because of the referred pain induced.
ThisThese are not the major nerves but sites of previous irritation.
pain will follow the fibers of the muscle and this will simulate a pain
along the distribution of the nerve that has a similar course. It is
well to refrain from giving an injection into an area that is reported
as the site of chronic pain.
Injection induced pain can also be residual from local irrita­
tion, but whatever the source, Zelman stated that "... patients
rarely complain of the pain inflicted, for they tend to assume such
,,36suffering to be a necessary part of the procedure.
The betterAnother source of pain can be from tense musculature.
position for gluteal injections is prone, with the "toed-in" position
This produces relaxation of the musculature. Injectionof the feet.
into contracted, tense muscle is distressing and may even cause diffi­
culty in introducing the medication. Contracted muscles may also force
34Janet Travell, "Factors Affecting Pain of Injection," The 
Journal of the American Medical Association, 158:369, June 4, 1955.
3-^Ibid.
•^^Zelman, ££. cit. , p. 563.
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the drug back along the tract of the needle into the subcutaneous tis-
07
See Figure 11 for an illustration of this position.sue.
Nerve injuries. Nerve injuries are the most commonly reported
complication following injection and tne sciatic nerve is the nerve most
OO
frequently involved, according to Pitel and Wemett. The radial and
other brachial nerves may also be injured if the "deltoid injection" is
given a little low into the triceps or in the posteriorlateral area.
Nerve injury demonstrates itself by paralysis and Lachman has described
three types of paralysis:
The immediate neuropathy with instantaneous pain.1. In this
injury it can be assumed that the needle and/or the medication pene­
trated the nerve or the immediate perineural space. The pain is severe.
and may even cause fainting.
2. The immediate neuropathy without instantaneous pain. There
"This is explained on thecan be immediate paralysis without pain.
,,39basis of paralysis of the sensory fibers.
The subacute or late paralysis without immediate pain. There3.
may be a delay of hours or even days before paralysis develops. This
delay is not proof of good technique. If the injection is near the
nerve, in the perisciatic fat, it may set up reactions of necrosis,
37 Ibid., p. 567.





Figure 11. Toed-In Position. (a) "Toed-in” to show the 
relaxation of the buttock, (b)"Toe-out" with the dimpling of the 
buttock indicative of a tense musculature.
aDrawing from: John H. Stokes, Herman Beerman, and Norman R. 
Ingraham, Modern Clinical Syphilology (Philadelphia: ¥. Bi. Saunders 
Company, 1944) > P* 305.
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inflammation and scarring resulting in subacute sciatic nerve paraly­
sis.^
Every injection is traumatic to the tissue as well asAbscesses.
to the emotions. Hanson declared that
. . . a local lesion of greater or lesser extent, depending 
upon the material injected is produced in the tissues each 
time an injection is given. The operator must be aware of 
the differences in tissue toleration when choosing the sub­
stance to be injected.4-1
This tissue reaction to injected substances was demonstrated with a study
on a group of rabbits which were given intramuscular injections of var­
ious antibiotics in therapeutic doses. These were observed for periods
up to forty days and all produced necrotic lesions that varied only in
Chloramphenicol sodium succinate was the most trau-size and severity.
The "surroundingmatic and procaine penicillin, the least irritating.
,42areas showed granulomatous inflammation, calcification and fibrosis.
The antibiotic vehicles and saline, used as controls, caused only mild
This is what happens when medication is introduced intoinflammation.
the muscle with a blood supply much larger than that of the subcutaneous
tissue.
When the same medications are introduced into the subcutaneous
tissue with relatively less circulation than the muscles and poorer
ability to absorb, additional problems develop. The generous sensory
40 237, 238.Ibid., pp.




nerve supply of the subcutaneous tissue causes much greater pain if
drugs are deposited there. Also there is more tissue reaction to the
43irritating qualities of long-acting reservoir of the drug. Lachman
described the complication that "... may ensue from inadvertent sub­
cutaneous injection ranging from painful infiltrations and indurations
n44to abscesses, necrosis, and extensive sloughing. He also reported
that in one study, "13.6 percent of all septic operations were necessi-
,45tated by abscesses originating from faulty injections. Zelman ob­
served many patients complaining of "persistent painful deep subcutaneous
nodules," and "persistent painful encapsulated nodules or 'sterile ab-
, ,,46scesses.
With many workers failing to properly evaluate the length of
needle required to reach the muscle, the well-being of the patient is 
seriously jeopardized. Lachman described the results of this error:
Miscalculation as to the depth of the musculature defeats 
the purpose of the I.M. injections, i.e. the painless parenteral 
application of drugs, even in larger volume, including oily 
suspensions and otherwise irritating and hypertonic solutions 
which cannot be tolerated in the subcutis. If non-fat-soluble 
material is injected into the adipose layer, the drug is not 
absorbed at all and therefore is ineffective, acting as a 
foreign body. Other agents are too slowly absorbed from the 
subcutis to bring about the desired speedy systemic effect.
Thus is shown that some of the advantages for giving injections mentioned
^Zelman, ££. cit. , p. 568.
44Lachman, op. cit., p. 237.
45 Ibid.
46Zelman, op. cit., p. 569. 
^Lachman, o£. cit. , p. 236, 237.
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on pages 26 and 27 of this study as (1) quick and sure response and
(2) accuracy of amount of medication received, are circumvented by mis­
placement of the drug in the subcutaneous tissue. Therefore, in addi­
tion to being uncomfortable and perhaps, in very real trouble with the
injection, the patient derives no real benefit for his problem.
II. DETERMINATION OF GROSS BODY MEASUREMENTS
The American population is an overfed, overweight group of
people--that is if the advertising on television and radio and in the
popular press for low calorie foods, soft drinks, sweeteners, and diets
is any indication. Rynearson published a report in 1949 indicating that
4831 percent of the women were overweight and 16 percent were underweight.
There have been many efforts to determine average, desirable, and ideal
weights. These terms are not synonymous. Desirable or ideal weight is
the weight that will provide the highest state of health and promote
optimum efficiency and comfort. The average weight is dependent upon
the weights of individuals in real life situations and some will be ideal
weights while others will vary greatly from the ideal weight for them.
The determination of the ideal weight is complicated by the variations
in height and type of bony framework of different individuals. Pett and
Oglivie have made this evaluation of weight tables:
No figure for weight can ever be used as an absolute standard. 
Some variation is permitted. One widely used insurance table 
lists weights for three types of body "frame" at each height, 
but without defining "frame"; it then lists two figures under
48Edward H. Rynearson and Clifford F. Gastineau, Obesity. 
(Springfield, Illinois: Charles C. Thomas Publisher, 1949), p. 7.
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each type without advice on when to use the lower, and when 
the higher figure.
They continued by stating that it "has been useful to allow some latitude
in each category, but to use it properly would require definitions and
r,50judgment. Single weight tables also allow an increase or decrease
from 5 to 20 percent from the single figure, according to the need of
the individual.
Pett and Oglivie have reported a survey of 22,000 individuals in
Canada. Climate and the standard of living have caused these subjects
to be considered homogeneous with the population of the North American
continent. From this survey there has been gathered the data on women
pertinent to this study. Table V shows the average height and weight
for various age levels. Table VI shows the average weight for each inch
of height according to age with the ages grouped in two to five year
These provide an average of incidence of various weights in thespans.
population. Because in this study it was not the purpose to correct
body size problems, but to study them as they exist in the population.
this is an adequate device for evaluation of the data that was gathered
for this study.
In the late 1930's a study was made to provide criteria for the
52sizing and manufacture of women's clothing. The study included over
49Pett and Oglivie, ££. cit., p. 70. 
50Ibld., p. 77.
51Ibid.
52Ruth O'Brien and William C. Shelton, Women's Measurements for 
Garment and Pattern Construction, Textiles and Clothing Division Bureau 
of Home Economics, United States Department of Agriculture, Miscellane­




CANADIAN FEMALES AVERAGE HEIGHT, WEIGHT (IN ORDINARY 
INDOOR CLOTHING, WITHOUT SHOES),















65 and over 60.6 138
aPett and Oglivie, 0£. cit., p. 73.
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TABLE VI
CANADIAN FEMALES AVERAGE WEIGHTS FOR HEIGHT AND AGE 




16-17 18-19 20-24 25-29 30-34 35-44 45-54 55-64 and over




110 107 111 114 119
112 110 113 117 122
126 130 134 120
132 137
128 134 139 128




60 115 114 116 119
117 118
120 121 121 124 129
122 125 123 127
124 131 139 144 136
133 142 146 140
134 144 148 144
131 135 146
61 118 122 126
62
63 151 148
64 125 129 126 
127 132 128 




134 138 140 153 158
137 140 141 156 160








69 147 141 145
140 151 141 144 147 145
142 154 143 146 150 147
137 138 144 160
70
71 165
aPett and Oglivie, ££. cit., p. 73.
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14,000 women from all sections of the United States. Of the total re­
turns, 10,042 were found accurate and used for analysis. Table VII
shows the means and medians of the entire group in the measurements
The mean weight was 133.48that were selected to measure in this study.
pounds, the mean height was 63.16 inches and the mean girths were:
upper arm, 11.37 inches; hip girth, 38.82 inches; and midway thigh
girth, 19.57 inches.
Table VIII gives the means of the same five measurements divided
into five-year age groups from 18 to 75 years and over. The range of
the means of the various measurements were as follows: weight from
121.79 to 149.62 pounds, height from 61.02 to 63.79 inches, hip girth
from 37.22 to 40.67 inches, mid-thigh girth from 18.35 to 20.24 inches,
and upper arm girth from 10.59 to 12.94 inches.
Table IX gives the means of the weight, age, height, and the
three girth measurements of the group of 10,042 women divided into five-
This gives the range from under 85 pounds topound groups by weight.
The range of the means of these measurements were230 pounds and over.
height from 59.04 to 64.06 inches, hip girth from 31.95 toas follows:
51.92 inches, mid-thigh girth from 15.25 to 25.74 inches, and the upper
This table permits the forecastarm girth from 8.59 to 16.78 inches.
of the probable girths of an individual of a specific weight and height.
In this United States Government study of 10,042 women, the
various body measurements were correlated and weight had the highest
Over fifty variables were measuredcorrelation of any of the variables.
and the statement was made that ". . . 0.97 is so close to unity that
from this point of view it may be said that weight is about as perfect
44
TABLE VII
U. S0 GOVERNMENT BODY MEASUREMENT STUDY OF 
10,042 WOMEN: MEANS AND MEDIANS OF 
FIVE MEASUREMENTSa
MedianMeanMeasurement
Weight (pounds) 133.48 128.72
Stature (inches) 63.16 63.19
Upper-arm girth (inches) 11.1411.37
Hip girth (inches) 38.82 38.35
Midway thigh girth (inches) 19.57 19.38
aO'Brien and Shelton, op. cit., 27.P-
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TABLE VIII
U. S. GOVERNMENT BODY MEASUREMENT STUDY OF 10,042 WOMEN: 
MEANS AND MEDIANS OF FIVE MEASUREMENTS 





















































































* Measurements in inches.
aO'Brien and Shelton, op. cit., 68.P-
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TABLE IX
U. S. GOVERNMENT BODY MEASUREMENT STUDY OF 10,042 WOMEN: 
MEANS OF WEIGHT, AGE, HEIGHT, AND THREE 




























































































































































































































aO'Brien and Shelton, 0£. cit. , 69.P*
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an indicator of girth measurements of women as any single index that
„53could be constructed.
Table X gives a formula for forecasting the change in sizes of
various body measurements with the change of height or weight from the
given base line, of 64 inches tall and weight of 135 pounds. The base
In an individual of 68 inches weighingline hip girth is 38.91 inches.
145 pounds, the calculations would be:
38.91
0.46
Base hip girth 
Increase for height 41
38.45
Increase for weight 
10 lbs.




According to Table IX, page 46, the hip girth for 140-144 pounds is
39.96 inches and for 145-149 pounds the hip girth is 40.50 inches. This
formula can be used for any amount of increase or decrease equal to the
unit or fraction of the unit in the formula, which is 4 inches for height
Some are negative values because, for example,and 10 pounds for weight.
increase in height without increase in weight will result in smalleran
girth.
These tables on body measurements will be referred to in Chapter
III in the evaluation and analysis of the data of this study.
III. SUMMARY
The advantages of intramuscular injections were found to be many
-^O'Brien and Shelton, op-, cit. , p. 36.
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TABLE X
U. S. GOVERNMENT BODY MEASUREMENT STUDY OF 10,042 WOMEN: 
SYSTEM OF CALCULATION OF CHANGES IN GIRTH 
BASED ON STATURE AND WEIGHT3,
Increase (or Decrease) 
in Value for Each
Value Corresponding 
to Stature 64 Inches 
and Weight 135 
Pounds
Measurements
4 Inch Increase 
(or Decrease) 
in Stature

















Bust girth 35.58 -1.22 1.40
-0.46Hip girth 38.91 1.20
Mid-thigh girth 19.61 -0.28 0.65
11.34 -0.56Upper Arm girth 0.54
a0'Brien and Shelton, op. cit., 43.P-
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and very vital to the welfare and recovery of the patient. The compli­
cations resulting from faulty administration are very serious but can be
minimized by proper technique. There is general agreement that the
intramuscular injection should be placed within the muscle and not in
the subcutaneous tissue. There is a vagueness as to the length of needle
required to reach the musculature. Studies and averages of body sizes
have been reviewed and tables provided for comparison and evaluation of
the data
CHAPTER III
ANALYSIS AND INTERPRETATION OF DATA
This is the report of a study of fourteen females chosen on the
basis of a convenience sample, to measure the depth of the subcutaneous
tissue compared to gross body measurements. The subjects were members
of the student and staff group of the para-medical disciplines of a
university in southern California. All were in apparent good health
and gave no history of crippling disease that would alter gross body
contours.
I. POPULATION OF THE STUDY
The individual subjects of the study have each been listed and
grouped to compare various measurements with the measurements of the
population of other studies. Table Xl compares the weight by height and
age with the mean weights for similar height and age of the Canadian
Study in Table VI on page 42. The amount of variance from the mean
weight of the Canadian Study has been listed. The mean variance for
thirteen subjects of this study was 4-7.5 pounds, i.e. the subjects of
this study averaged 7.5 pounds more in weight than the subjects in the
Canadian study. Therefore it would be stated that these subjects are a
little fatter than the population as a whole.
The hip girth of the subjects of this study have been compared




COMPARISON OF WEIGHTS OF FOURTEEN FEMALES WITH MEAN 
WEIGHTS OF CANADIAN STUDY BY HEIGHT AND AGE; 























21 129 126 -f 3
20 132 131 1
19 115 129 -14
20 117 128 9
23 141 131 +10
30 145 140 + 5
25 134 132 + 2
19 171 151 +20
21 104 -k-k-k
20 139 133 + 6
43 156 144 +12
43 172 138 +34
48 167 156 +11
+98
Mean Variance + 7.5 pounds
* Cf. Table VI, page 42.
** The mean weight for this aged individual as found on Table VI, 
page 42.
*** There were no comparable figures for this height individual. 
aPett and Oglivie, ojd. cit. , 73.P-
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study that was made by the United States Government, with the mean hip
The results will be found in Table XII.girths found in that study.
The weight was kept constant and the mean hip girth for that weight was
The amount of variance was noted and the mean variance cal-recorded.
The subjects of this study had a mean variance of -0.33 inchesculated.
in hip girth from the population of the large study. That is, the sub­
jects of this study averaged 0.33 inch smaller hip girth than the popu­
lation in general.
The deltoid girth was compared and analyzed in the same way with
the study reported in Table IX, page 46. The amount of variance in
deltoid girth was recorded and found to have a mean variance of +0.31.
This means that the group of this study had an average of almost one-
This anal-third inch larger upper arm than the population in general.
ysis will be found in Table XIII.
The mid-thigh girth was also compared and analyzed with the
aforementioned United States Government study, as tabulated in Table IX,
The variance in each case was noted and averaged. The meanpage 46.
variance was +0.47, which means that the subjects of this study averaged
about one-half inch greater girth of the thigh than the population.
The analysis of the mid-thigh girth compared to the population will be
found in Table XIV.
A comparison of the mean measurements of this study with the mean 
measurements as found by O'Brien and Shelton"^ has been prepared in
The weights were 141.57 and 133.48 pounds, these fourteenTable XV.
■^O'Brien and Shelton, ££. cit., p. 27.
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TABLE XII
COMPARISON OF THE HIP GIRTH OF FOURTEEN FEMALES 
WITH THE MEAN HIP GIRTH OF U. S. GOVERNMENT 
STUDY WITH THE WEIGHT CONSTANT: SHOWING 
THE AMOUNT OF VARIANCE*3-
U. S. Study 
Hip Girth**























































* Cf. Table IX, page 46.
** Mean Hip girth for this weight individual as found on Table IX, 
page 46.
^'Brien and Shelton, 0£. cit. , 69.P-
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TABLE XIII
COMPARISON OF THE DELTOID GIRTH OF FOURTEEN FEMALES WITH 
THE MEAN DELTOID GIRTH OF U. S. GOVERNMENT STUDY 
WITH THE WEIGHT CONSTANT:
THE AMOUNT OF VARIANCE*a
SHOWING
Study Data U. S. Study 






















































*Cf. Table IX, page 46.
**Mean deltoid girth for this weight individual as found on 
Table IX, page 46.
aO'Brien and Shelton, 0£. cit., 69.P-
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TABLE XIV
COMPARISON OF THE MID-THIGH GIRTH OF FOURTEEN FEMALES 
WITH THE MEAN MID-THIGH GIRTH OF U. S. GOVERNMENT 
STUDY WITH THE WEIGHT CONSTANT: SHOWING 
THE AMOUNT OF VARIANCE*3-

























































* Cf. Table IX, page 46.
** Mean mid-thigh girth for this weight individual as found on 
Table IX, page 46.
a0'Brien and Shelton, oj>. cit. , 69.P-
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TABLV XV
COMPARISON OF IHE MEAN MEASUREMENTS OF FOURTEEN FEMALES 
WITH THE MEAN MEASUREMENTS OF THE U. S. GOVERNMENT 
BODY MEASUREMENT STUDY*a








* Cf. Table XII, page 44.
aO'Brien and Shelton, 0£. cit., 27.P-
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The heights were 65.6 and 63.16 inches.females were 8 pounds heavier.
these fourteen subjects were 2.5 inches taller. The girths of the
deltoid were 12.10 and 11.27 inches, the fourteen of this study were
The girths of the hip were 39.53 and 38.82, the sub-0.73 inch larger.
The girths of the mid-thighjects of this study were 0.71 inch larger.
were 19.53 and 19.57, the subjects of this study were 0.04 inch smal-
These variations are so small as to be negligible, rememberingler.
the greater height and weight.
The small amount of variance of these measurements on this study
from the means of other studies as shown in Tables XI, XII, XlII, XIV,
and XV indicates that the population of this study is very near the
This is justification for theaverage for the population as a whole.
application of this study to the population.
II. ANALYSIS AND INTERPRETATION OF THE DATA
The data collected on fourteen females by taking various gross
body measurements and internal measurements on the four sites for intra-
Calculationsmuscular injection were prepared for analysis by computer.
were performed for a Pearson product-moment correlation coefficient com-
“*5 The purpose ofparing each variable with each of the other variables.
this procedure was to determine which external body measurements would
provide the most reliable measure to forecast the internal measurements
of depth of subcutaneous tissue. The calculations for regression analysis
■^George H. Weinberg, and John A. Schumaker, Statistics: An 
Intuitive Approach (Belmont, California: Wadsworth Publishing Company, 
Inc., 1962), p. 259.
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were also done by computer. From this information it is possible to
project from the data of this study, the estimate of the measurements
of other individuals of other sizes. All the data were rounded off at
two decimal places for convenience of use.
Description of the Data: Body Size Measurements
A complete listing of all data collected has been made in Table
It will be noted that there was only one subject in whom the depthXVI.
of the subcutaneous tissue was 1.06 inches, at the gluteus maximus site,
there were two with a depth of 1.43 inches at the same site. All others
At the gluteus medius site there was onehad greater depth than this.
with a subcutaneous depth of 0.87 inches, and one with 1.25 inches and
All others had greater depth than thisone with a depth of 1.37 inches.
The deltoid had only two with a depth of 1.00 inch, all othersamount.
On the lateral femoral site there were two with a depth ofwere less.
subcutaneous tissue of 1.37 inches, one with 1.31 inches and one with
1.00 inch depth of tissue. All others were less than one inch. These
measurements are of value to recognize their incidence and existence.
A summary of the data was prepared to show the range of measure-
This will be foundments, the median and the mean of the measurements.
The age ranged from 19 to 48 years with a median of 22in Table XVII.
years and mean of 27.64 years. The height ranged from 51 to 70.5 inches
with a median of 66.37 inches and mean of 65.60 inches. The weight
ranged from 104 to 172 pounds with a median of 140 pounds and a mean of
Circumference of the deltoid ranged from 10.25 to 14.00141.57 pounds.
Subcu-inches, with a median of 12.00 inches and mean of 12.10 inches.
TABLE XVI
BODY MEASUREMENTS OF FOURTEEN FEMALES: AGE, HEIGHT, WEIGHT, AND BODY 
CIRCUMFERENCE AND DEPTH OF SUBCUTANEOUS TISSUE AT FOUR 
INTRAMUSCULAR INJECTION SITES.
COMPILATION OF RAW DATA














1. 19 70.50 171 13.50 42.000.81 2.00 2.75 20.50 0.62
64.502. 19 115 10.50 0.50 37.50 1.75 1.50 17.50 0.87
3. 20 67.00 139 11.50 0.31 1.4339.00 1.68 19.00 0.56
4. 20 65.50 117 10.25 0.37 36.75 1.62 1.25 18.75 0.50
5. 20 66.50 132 11.50 0.50 37.75 1.75 1.62 18.75 0.87
6. 21 64.25 129 12.00 1.00 39.00 1.75 2.25 19.00 0.87
7. 21 51.00 104 11.00 34.000.37 1.06 16.250.87 0.37
66.258. 23 141 11.50 0.50 39.50 2.50 1.50 20.00 1.37
9. 25 65.50 134 12.00 0.37 1.4339.00 1.37 19.00 0.81
10. 30 14567.00 12.50 40.000.50 2.12 2.00 19.00 0.87
67.0011. 35 160 14.00 41.001.00 2.75 21.002.75 1.31
12. 43 69.00 156 41.5012.50 0.75 2.25 1.50 20.50 1.37
13. 43 65.50 172 0.62 43.7513.75 2.00 24.252.25 1.00





SUMMARY: MEASUREMENTS OF FOURTEEN FEMALES, SHOWING THE 
RANGE, THE MEDIAN, AND THE MEAN OF THE MEASUREMENTS 
OF BODY SIZES AND THE DEPTH OF THE SUBCUTANEOUS 
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* These measurements are all recorded in inches.
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taneous tissue at the deltoid site ranged from 0.31 to 1.00 inch with a
median of 0.50 inch and mean of 0.57 inch.
The circumference of the hip ranged from 34 to 43.75 inches with
a median of 39.25 inches and mean of 39.53 inches. The subcutaneous tis­
sue depth over the gluteus maximus site had a range from 1.06 to 2.75
The depthinches with a median of 1.75 inches and a mean of 1.85 inches.
of the subcutaneous tissue at the gluteus medius site had a range from
0.87 to 2.75 inches, with a median of 1.65 inches and a mean of 1.78 inches.
The circumference of the thigh ranged from 16.25 to 24.25 inches with a
The depth of the sub-median of 19.00 inches and mean of 19.53 inches.
cutaneous tissue at the lateral femoral site ranged from 0.37 inch to
1.37 inches with a median of 0.87 inch and a mean depth of 0.85 inch.
The description of the average subject of this study is an indi­
vidual 27 years of age, 65.5 inches tall, weighing 141 pounds with an
She hasarm girth of 12 inches, and one-half inch of fat on the arm.
hip girth of 39.5 inches and 1.8 inches of fat over the gluteal regions.
The thigh girth is 19.5 inches and there is 0.85 inch of fat on the
This average individual will require a needle one inch in lengththigh.
at the deltoid site, a needle two and one-fourth to two and one-half
inches in the gluteal region and a needle one and one-fourth to one and
one-half inches in the lateral femoral area to administer an intramus­
cular injection deep within the belly of the muscle.
Mean Age Correlated With Other Body Measurements
Age was included in the data to provide part of the tool for
evaluation of the sample in comparison with other studies of body
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and to find the correlation between age and depth ofmeasurements,
The subjects of this study fit closely to thesubcutaneous tissue.
averages for the population. The group comprised an homogeneous age
There were no extremes of either youth or age. The mean agepattern.
was 27.64.
It was not anticipated that age would be a very efficient pre­
dictor of subcutaneous tissue depth. The correlations with the girth
The mean age of 27.65 to meanmeasurements were all significantly high.
deltoid girth of 12.10 showed correlation coefficient of 0.64 and sig-
The mean age to mean hip girth of 39.53nificance level of 0.0131.
showed a correlation coefficient of 0.72 with significance level of
The mean age to mean mid-thigh girth of 19.53 showed a corre-0.0038.
lation coefficient of 0.63 with a level of significance of 0.0152.
The correlations of the mean age of 27.64 with the subcutaneous
deltoid mean depth, 0.57 inch, cor-depths were very low, as follows:
relation 0.23; gluteus maximus mean depth, 1.85 inches, correlation
0.34; gluteus medius mean depth, 1.78 inches, correlation, 0.21; and
mean depth of the lateral femoral, 0.85 inch, correlation, 0.38.
Only the mean age correlation with the mean hip girth showed an
All others were very low.important level of significance, 0.0038.
The physical activity of various individual age levels exerts an
The young athletic type will haveeffect on the structure of the body.
The growing group have firmer body contoursmore muscle and less fat.
56Cf. this study, pages 50-57.
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than the aging individuals. As age increases athletic activity is
gradually replaced by sedentary habits. This is conducive to shrinking
musculature and increasing fatty deposits. In the aged group there is
a loss of tone and further shrinking of tissues. All these factors will
produce variations in the depth of the subcutaneous tissue. It is con­
ceivable that with a larger study with many individuals in each age
group there could be a greater correlation between age and the depth of
See Table XVIII.the subcutaneous tissue.
Mean Weight Correlated With Other Body Measurements
In the population, mean weight was found to have a correlation
57with the girth measurements of 0.97. In this study the correlations
of mean weight of 141.57 with the mean girth measurements were also
mean deltoid girth, 12.10 inches, correlatedvery good, as follows:
0.90; mean hip girth, 39.53 inches, correlated 0.97; mean mid-thigh
The level of significances weregirth, 19.53 inches, correlated 0.85.
0.0000 to 0.0001.
The correlations of the mean weight of 141.57 with the subcutan­
eous tissue depths were a little lower but still very significant, as
subcutaneous gluteus maximus mean, 1.85 inches, correlatedfollows:
0.56; subcutaneous gluteus medius mean, 1.78 inches, correlated 0.72;
subcutaneous lateral femoral mean, 0.85 inch, correlated 0.39; and sub­
cutaneous deltoid mean, 0.57 inch, correlated 0.45. The gluteus maximus
and medius sites showed a level of significance of 0.0370 and 0.038
^O’Brien and Shelton, 0£. cit. , p. 36.
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TABLE XVIII
CORRELATION OF THEMEASUREMENT OF FOURTEEN FEMALES:
MEAN AGE OF 27.64 AND MEANS OF OTHER
MEASUREMENTS SHOWING CORRELATION COEFFICIENT 




















In this relationship activity will have a great influence on the
type of structures that make up the body. The active athlete will have
much more solid muscle and the less active ,edentary individual will
have greater deposits of fatty tissue. Table XIX is a compilation of
these correlations between mean weight and means of other measurements.
Regression Analyses of the Weights and Depth of Subcutaneous Tissue
Regression analyses of the various relationships were computed
Individualand the intercepts, slopes and margins of error determined.
scatter diagrams have been made of the relationships between weight and
the four subcutaneous injection sites.
The regression line of the weight and the subcutaneous tissue at
the deltoid site indicates that with a weight gain of 42.8 pounds one
The margininch will be added to the depth of the subcutaneous tissue.
of error is 18 pounds above or below the gain of 42 pounds. The point
of intercept is 116.77 pounds at which the amount of subcutaneous tissue
The correlation coefficient for this relation-would be considered nil.
ship is 0.45, therefore this analysis has merit as a predictor of tissue
depth. See Figure 12.
The regression line of the weight and the subcutaneous tissue at
the gluteus maximus site indicates that with a weight gain of 26.8
pounds one inch will be added to the depth of the subcutaneous tissue.
The margin of error is 17.1 pounds above or below the gain of 42 pounds.
The point of intercept is 91.57 pounds at which the amount of subcutane­
ous tissue would be considered negligible. The correlation coefficient
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TABLE XIX
CORRELATION OF THEMEASUREMENT OF FOURTEEN FEMALES:
MEAN WEIGHT OF 141.57 AND MEANS OF OTHER
MEASUREMENTS SHOWING CORRELATION COEFFICIENT 





















Figure 12. Scatter 
diagram and regression line 
of the Body weight with the 
depth of the subcutaneous 
tissue at the deltoid site.
Inches Subcutaneous Tissue Depth
TheScatter diagram shows the data from fourteen females, 
regression line shows the positive relationship between the two 
variables. Intercept: 116.77. Slope: 42.861. Error: 18.50. The 
dash lines indicate the level of confidence within which 08 per cent
This regression provides a tool forof the population will fall, 
predicting at the deltoid site5 the depth of the subcutaneous tissue
from the body weight.
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for this relationship is 0.56, therefore this analysis is applicable to
the population as a predictor of subcutaneous tissue depth. See
Figure 13.
The regression line of the weight and the subcutaneous tissue at
the gluteus medius site indicates that with a weight gain of 28 pounds
one inch will be added to the depth of the subcutaneous tissue. The
margin of error is 14 pounds and the point of intercept is 91 pounds.
This means that at 91 pounds the amount of subcutaneous tissue would be
The correlation coefficient for this relationship is 0.72negligible.
which gives this analysis a high value in application to the population
and as a predictor of depth of subcutaneous tissue, at this site. See
Figure 14.
The regression line of the weight and the subcutaneous tissue at
the lateral femoral site indicates that with a weight gain of 26 pounds
one inch will be added to the depth of the subcutaneous tissue. The
The point of intercept is 119 pounds atmargin of error is 19 pounds.
which the amount of subcutaneous tissue would be negligible. The corre­
lation coefficient for this relationship is 0.39 which means that this
is a poor indicator for application to the population, but allowing more
See Figure 15.in the margin for safety would have limited value.
A large sample of many individuals would improve these analyses
and make them of greater value and application.
Mean Girth Correlations
The correlations between the mean girths and the means of the
other variables are listed on Tables I, II, and III in Appendix D.
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Theshows the data from fourteen females.Scatter diagram
regression line shows the positive relationship between the two 
variables. Intercept: 91*57. Slope: 26.89. Error: 17.19* 
dash lines indicate the level of confidence within which 68 per cent 
of the population will fall. This regression provides a tool for 
predicting at the gluteus maximus site, the depth of the subcutaneous
tissue from the body weight.
The
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Figure 14. Scatter 
diagram and regression line 
of the body weight with the 
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TheScatter diagram shows the data from fourteen females, 
regression line shows the positive relationship between the two 
variables. Intercept: 91*16. Slope: 28.183* Error: 14.44* Hie 
dash lines indicate the level of confidence within which 68 per cent 
of the population will fall, 
predicting at the gluteus medius site, the depth of the subcutaneous 
tissue from the body weight.





Figure 15- Scatter 
diagram and regression line 
of the Body weight and the 
depth of the subcutaneous 
tissue at the lateral
femoral site.
Inches Subcutaneous Tissue Depth
Scatter diagram shows the data from fourteen females. The 
regression line shows the positive relationship between the two 
variables. Intercept: 119*21. Slope: 26.065- Error: 19-15* H18
dash lines indicate the level of confidence within which 68 per cent
This regression provides a tool forof the population will fall, 
predicting at the lateral femoral site, the depth of the suocuta— 
neous tissue from the body weight.
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These are provided as a means to indicate the homogeneity of the sample.
There are high correlations between the means of the various girths, but
since it is not the purpose of this study to predict other gross body
measurements they are not pertinent to the problem of predicting the
depth of the subcutaneous tissue. The mean girth correlation to its
respective subcutaneous tissue depth will be found on each table.
Mean Girth of the Deltoid to the Depth of the Subcutaneous of the
Deltoid
The mean girth of the deltoid of 12.10 correlated with the mean
depth of the subcutaneous tissue of 0.57 showed a correlation coefficient
of 0.62 with a level of significance of 0.0184. This indicates a very
positive relationship between these two variables. Here again the type
of individual habits of activity, exercise, work, and play will influence
the factors. Some will have more muscle and less fat and others will
have less muscle and more fat.
The regression analysis of these two factors has been computed
and plotted on a scatter diagram. The slope is 3.2 which means that for
each 3.2 inches gained in girth the depth of the subcutaneous tissue
will increase 1 inch. The margin of error is 0.9 inch. The point of
intercept is 10.3 indicating that at this girth the amount of subcutane­
ous tissue will be very slight. The correlation coefficient of 0.62
indicates that this formula has definite application to the population.
See Figure 16.
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TheThe scatter diagram shows the data from “fourteen females, 
regression line shows the positive relationship between the two 
variables. Intercept: 10.27. Slope: 3.17- Error: 0.88. 
lines indicate the level of confidence within which 68 per cent oi 
the population will fall, 
dieting at the deltoid site, the depth of the subcutaneous tissue 
from the girth of the deltoid.
The dash
This regression provides a tool for pre-
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Mean Girth of the Hip Correlated to the Depth of the Subcutaneous
Tissue of the Gluteus Maximus and Gluteus Medius
The mean girth of the hip, 39.53 inches, related to the mean
depth of the subcutaneous tissue of the gluteus maximus, 1.85 inches.
The level of significance waswith a correlation coefficient of 0.56.
The mean girth of the hip, 39.53 inches, related to the mean0.0397.
depth of the subcutaneous tissue of the gluteus medius, 1.78 inches,
with a correlation coefficient of 0.68. The level of significance was
These two correlations of 0.56 and 0.68 have positive signifi-0.0068.
cance in the prediction of the depth of subcutaneous tissue, at these
sites.
The habits of the individual, amount of physical activity and
exercise and type of work can have an influence on this relationship.
See Table II, Appendix D.
Regression analysis for each of these factors were computed and
scatter diagrams plotted. The relationship between the girth of the
hips and the depth of the subcutaneous tissue at the gluteus maximus
site showed a slope of 3.2 with an intercept of 33.6 and an error of
2.0. This means that for every 3.2 inches increase in girth the depth
will increase 1 inch. At the intercept point of 33.6 inches in girth
the amount of subcutaneous tissue will be very small. The correlation
coefficient of 0.56 indicates that this analysis has a positive appli­
cation to the population for use in predicting the depth of the sub­
cutaneous tissue at this site. See Figure 17.
The relationship between the girth of the hips and the depth of






diagram and regression line 
of the hip girth with the 
depth of the subcutaneous 
tissue at the gluteus 
maximus site.
Inches Subcutaneous Tissue Depth
TheThe scatter diagram shows the data from fourteen females, 
regression line shows the positive relationship between the two 
variables. Intercept: 33.60. 
lines indicate the level of confidence within which 68 per cent of 
the population will fall. This regression provides a tool for pre­
dicting at the gluteus maximus site? the depth of the subcutaneous 
tissue from the girth of the hips.
Slope: 3.191. Error: 2.07- The dash
76
slope was 3.2, the intercept was 33.7 and the error was 1.8. This in­
dicates that with each gain in girth of 3.2 inches there will be a cor­
responding increase of one inch in depth of subcutaneous tissue at this
The intercept of 33.7 inches means that at this girth the amountsite.
of subcutaneous tissue will be negligible. The correlation coefficient
of 0.68 shows a strong positive application to the population for use in
prediction of the depth of the subcutaneous tissue at the gluteus medius
site. See Figure 18.
Mean Girth of the Mid-thigh Correlated to the Depth of the Subcutaneous
Tissue of the Lateral Femoral Site
The mean girth of the mid-thigh, 19.53, related to the mean depth
of the subcutaneous tissue at the lateral femoral site, 0.85, with the
correlation coefficient of 0.49 and level of significance of 0.0741.
The life pat-This is a borderline relationship of some significance.
terns and habits of these individuals will have great bearing on these
relationships. Those who have been more active physically and engaged
in exercise and sports may have a large girth but with little subcutane­
ous tissue, where those who have been quieter and sedentary may well
See Table III, Appendix D.have a smaller girth but have more fat.
The regression analysis of this relationship was computed and
The slope was 2.9 and the intercept was 17.10scatter diagram plotted.
with the error of 0.54. This means that for each 2.9 inches increase
in girth of the thigh there will be a corresponding increase of 1 inch in
The intercept 17.1the depth of the subcutaneous tissue at this site.





Figure 18. Scatter 
diagram and regression line 
of the hip girth with the 
depth of the subcutaneous 
tissue at the gluteus 
medius site.
Inches of Subcutaneous Tissue Depth
The scatter diagram shows the data from fourteen females, 
regression line shows the positive relationship between the two 
variables. Intercept: 33.76. Slope: 3.226. Error: 1.81. The dash 
lines indicate the level of confidence within which 68 per cent oi 
the population will fall. This regression provides a tool for pre­
dicting at the gluteus medius site, the depth of the subcutaneous 
tissue from the girth of the hips.
The
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will be very small. The correlation coefficient of 0.49 shows some
positive value in the application of this formula to the population for
use in calculation of depth of subcutaneous tissue at this site. See
Figure 19.
III. SUMMARY
This chapter contains a description, analysis and interpretation
of data collected by making external and internal body measurements on
fourteen female subjects.
The measurements of the subjects were compared with the means
from large studies of body measurements and the sample of the study
found to be of a similar population.
The data have been analyzed by computer and the Pearson product-
moment correlation has been calculated for each variable and regression
lines determined. These were analyzed for significance in application
It was found that weight had a very high correlationto the population.
to girth and that girth was significantly correlated to the depth of the
subcutaneous tissue at each respective site of deltoid, gluteus maximus.
gluteus medius and lateral femoral.
The regression analyses were discussed and scatter diagrams
plotted for the girth versus depth of the four intramuscular injection
These showed a significant relationship that could be projectedsites.






diagram and regression line 
of the girth of the mid­
thigh with the depth of the 
subcutaneous tissue at the 
lateral femoral site.
Scatter
inches Subcutaneous Tissue Depth
Scatter diagram shows the data from fourteen females. The 
regression line shows the positive relationship between the two 
variables. Intercept: 17.10. Slope: 2.783. Error: 1.54» 
line indicates the level of confidence within which 68 per cent of 
the population will fall, 
dieting at the lateral femoral site, the depth of the subcutaneous 
tissue, from the girth of the mid-thigh.
The dash
This regression provides a tool for pre-
CHAPTER IV
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
I. SUMMARY
An exploratory study was done to determine the correlations be­
tween various body measurements and the depth of the subcutaneous tissue
at four traditional intramuscular injection sites. Subjects selected on
the basis of a convenience sample were females from the staff and stu­
dent groups of the para-medical disciplines of a university in southern
California.
The review of the literature indicated that, while most authori­
ties recommend a needle of two or two and one-half inches length to
reach the muscle, there is little to guide in evaluating the patient as
Also the surgical equipment is limited in thatto choice of the needle.
needles are supplied in lengths from 5/8 inch to one and one-half inches.
The literature reviewed showed the hazards of improperly placed injec-
The literatureThe proper method of site selection was reviewed.tions.
was also reviewed for gross body measurement studies to aid in relating
this study to the population.
A pilot study was done by postmortem examinations and reported as
unsatisfactory as a method to collect data for this purpose.
The tool used to collect the data for internal measurements was
the electromyograph. This measured the different nerve potentials be­
tween the muscle and the subcutaneous tissue and the needle electrode
80
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could be measured exactly for the depth of insertion. Other body
measurements were gathered by conventional methods of steel tape and
scale.
An analysis of data revealed that the mean or average subject
weighed 141.5 pounds, was 65.5 inches tall, had a hip girth of 39.53
inches, with 1.8 inches of subcutaneous tissue over the gluteal injec-
The arms girth was 12.10 inches with 0.57 inch of sub-tion sites.
cutaneous tissue and the mid-thigh girth was 19.53 inches with sub­
cutaneous tissue of 0.85 inch over the lateral femoral injection site.
A Pearson product-moment correlation was computed to determine
the relation of various external gross body measurements to the inter­
nal subcutaneous tissue depths. Weight was found to have a near perfect
correlation to girth measurements, 0.97. Weight was also found to have
a slightly higher correlation to the depth c£ the subcutaneous tissue
over the gluteal sites than did hip girth, but weight showed a slightly
lower correlation to the subcutaneous tissue of the deltoid and mid­
thigh than the respective girth measurements. See Table XX.
Factors which may have influenced the outcome of this study are:
(1) the convenience sampling method was necessary because of the need
for subject cooperation with a distressing procedure, (2) the impossi­
bility to secure randomness, (3) the lack of a wide range of subjects
in height, weight, and age, (4) the small size of the sample, and (5)
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Since this study is based on a sample of fourteen female subjects,
the conclusions drawn are tentative. The findings suggest:
There is a greater amount of subcutaneous tissue lying above1.
the muscle mass than has been assumed by many individuals and by the
suppliers of equipment.
That many injections are not reaching the muscle mass and2.
therefore are ineffective and troublesome.
There is a positive relationship between body size and the3.
depth of the subcutaneous tissue.
It is possible to predict from the body size, the depth of4.
the subcutaneous tissue.
The depth of the subcutaneous tissue over the gluteal areas5.
usually exceeds 1.8 inches.
The depth of the subcutaneous tissue over the deltoid area6.
usually exceeds 0.57 inch.
The depth of the subcutaneous tissue over the lateral femoral7.
area usually exceeds 0.85 inch.
Needles of at least two and one-half inches in length are8.
required to administer an injection in the gluteal regions on the
"average" woman.
III. RECOMMENDATIONS
The following are recommendations that have come from this study:
It is recommended that all personnel who give- injections1.
84
should be urged to review the anatomy and technique for the intramus­
cular injection.
It is recommended that ail personnel be cognizant that the2.
measurements determined in this study are "net" or the distance to the
muscle and that it is necessary to add one-half to one inch to this
figure to find the length needle that will deposit the medication well
within the belly of the muscle.
3. It is recommended that the regression line graphs be devel­
oped and produced for reference of all personnel having the responsi­
bility to decide the length of needle required for intramuscular
inj ection.
4. It is recommended that each patient be evaluated individually.
the measurements of weight and girth be made on all patients, and calcu­
lations be determined according to the regression line graphs as to the
lengths of needles required for the various intramuscular injection
sites on this individual.
5. It is recommended that these calculated needle lengths be
recorded on the individual patientrs chart, and on the patient’s "Kardex1
(R) card at the nurses station and in the medicine nurses' work area
for the use of those personnel administering the injections.
6. It is recommended that manufacturers be urged to supply
needles of greater variety and longer lengths, as indicated by the
study.
7. It is recommended that the average length needle for deltoid
intramuscular injections be one inch in the "average" woman.
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It is recommended that the average length needle for gluteal8.
intramuscular injections be three inches in the "average" woman.
It is re commended that the average length needle for lateral9.
femoral intramuscular injections be one and one-half inches in the
"average" woman.
It is recommended that since this study has demonstrated the10.
electromyograph as an accurate and effective tool for measuring the
depth of the subcutaneous tissue, that additional studies be done to
increase the number of subjects and broaden the range of sizes and ages.
A small amount of com-Perhaps some financial support could be secured.
pensation might overcome some of the reticence on the part of possible
subjects.
It is recommended that similar studies be made on males and11.
other age groups.
It is recommended that study be made of the amount of tissue12.
reaction in humans to injected medications.
IV. ADDENDUM
Serendipidies of the Study
In spite of the trauma of this study to the subjects and the re­
searcher, there have been a number of surprise benefits. Once the im­
mediate hostility was overcome and the subject came for the measurements,
each one became very interested in the subject and especially how it
Many acquired a new appreciation of the problems andrelated to them.
The student nurses, especial-factors to observe in giving injections.
ly, were quite surprised at the information that came out of the dis-
86
cussion during the study.
Because of the experience of inserting the electromyograph needle
electrode, the researcher has gained an exceptional experience and added
knowledge in the feeling of the subcutaneous structures, as the needle
This has led to the possibility that there mightpasses through them.
be a recommendation that the needle be inserted quickly through the skin,
when giving an injection, and then advanced slowly until the muscle is
The point at which the muscle is reached could be more easilyreached.
determined if the patient would contract the buttocks slightly and then
the needle felt for tension, for it was found that the gluteus muscula­
ture really "hangs on" to the needle and gives resistance to its re­
moval or movement. This procedure is practically painless (most nerves
are in the skin) and it is possible to advance the needle slowly all the
full length without distressing the patient.
Perhaps it would assist in teaching injection technique if each
student could do one exploration with the electromyographic needle
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PILOT STUDY: POSTMORTEM EXAMINATION
OF TWELVE SUBJECTS
A pilot study was done at a general hospital in southern
Because of malpractice liability, the study was limitedCalifornia.
to "state board bodies" or those who were unclaimed by relatives and
Twofor whom the state assumed responsibility for final disposition.
subjects were supplied by the anatomy department of a university medi­
cal school.
The following equipment was assembled to use in gathering the
data:
scalpel
cutting skin needle 
needle holder 
probe
plastic ruler, 6 inch
steel tape, 72 inches 
cotton suture 
crayon
transparent plastic box for 
keeping the equipment
The lid of the box was marked off on the inside to reproduce the data
sheet and, using it as a slate, the data was written on the top with
This was later transferred to thethe crayon during the procedure, 
permanent data sheet and the lid scrubbed with Phisohex (R). The out-
The inside of the box was consideredside of the box was kept clean.
contaminated to the autopsy situation. •
The routine for the data gathering procedure was as follows:
1. Gown with blue autopsy gown and put on gloves.
2. Remove from the box the needed equipment, including
the lid, to the autopsy table.
3. Measure the circumference of the arms, hips, and
thigh.




Close the incisions by tight sutures with cotton.
Wash instruments and replace in the box.
Remove the gloves and wash hands.
Record data from the lid to data sheet.
Scrub the lid of the box and hands with Phisohex (R). 
Replace lid on box.
Remove gown. Scrub with Phisohex (R).










Visual measurements were made of the depth of the subcutaneous
fat and a probe was inserted to measure the total depth to the bone.
The difference of these two was recorded as the depth of the muscle
Measurements were taken over the deltoid, the gluteus maxi­tissue .
mus, the gluteus medius, and the lateral femoral sites for the in­
jection.
































POSTMORTEM EXAMINATION, EIGHT MALES:
OF TISSUES AT FOUR INTRAMUSCULAR INJECTION SITES. 
COMPILATION OF RAW DATA
SHOWING BODY MEASUREMENTS AND DEPTHS
Fat Mus. Cir. Fat Mus.
G.Med. Med. Fern. Fem. Fern.








1. 61 65.00 140.0 10.00 0.31 1.07 33.09 0.32 2.24 0.31 2.12 14.7 0.20 1.20
9.45 0.47 0.80 32.00 0.51 1.38 0.47 1.90 15.3 0.24 1.022. 58 67.00 135.0
9.06 0.19 0.80 31.90 0.27 2.00 0.39 1.90 12.0 0.68 0.803. 50 67.00 104.0
9.85 0.32 0.66 32.00 0.60 1.80 0.70 2.04 13.4 0.20 1.004. 76 63.00 119.0
5. 63 68.90 ' 139.7 10.20 0.39 0.59 33.09 0.80 1.60 1.20 1.00 14.1 0.19 0.39
6. 85 67.00 199.0 11.80 0.47 1.20 38.20 1.38 1.60 1.20 1.80 19.7 0.39 1.60
7. 57 67.00 159.0 11.00 0.31 0.70 33.80 0.80 1.60 1.26 1.90 17.3 0.63 1.39
6.70 0.32 1.06 34.89 0.80 1.20 1.00 1.00 15.7 0.27 1.008. 83 65.00 109.7
VO
TABLE II
SHOWING BODY MEASUREMENTS AND DEPTHSPOSTMORTEM EXAMINATION, FOUR FEMALES:
OF TISSUES AT FOUR INTRAMUSCULAR INJECTION SITES.

















0.55 0.63 36.70 1.20 1.80 2.00 2.40 19.30 1.20 1.6010.601. 75 63.80 155.0
0.70 0.90 35.80 1.60 1.26 2.00 1.20 18.90 1.80 1.2210.242. 76 61.80 140.0
1.00 1.80 46.50 1.80 2.60 2.00 2.40 19.30 1.20 1.6018.2063.803.





























CORRELATION OF THEMEASUREMENT OF FOURTEEN FEMALES:
MEAN DELTOID GIRTH OF 12.10 AND MEANS OF OTHER 
MEASUREMENTS SHOWING CORRELATION COEFFICIENT



















CORRELATION OF THEMEASUREMENT OF FOURTEEN FEMALES:
MEAN HIP GIRTH OF 39.53 AND MEANS OF OTHER 
MEASUREMENTS SHOWING CORRELATION COEFFICIENT
AND LEVEL OF SIGNIFICANCE
Correlation
Coefficient
















CORRELATION OF THEMEASUREMENT OF FOURTEEN FEMALES:
MEAN MID-THIGH GIRTH OF 19.53 AND MEANS OF OTHER
MEASUREMENTS SHOWING CORRELATION COEFFICIENT 









0.001312.10 0.77Girth of Deltoid
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ABSTRACT
An exploratory study was done on fourteen females to find the
depth of the subcutaneous tissue and the length of needle required to
reach the musculature. Gross body measurements were correlated with
the internal measurements to develop criteria predicting the depth
on other individuals. Review of the literature showed that most
authorities recommend two to two and one-half inch needles, while
available disposable needles range from one-half to one and one-half
A pilot study of measurements taken on postmorteminches in length.
subjects was reported as unsatisfactory. The electromyograph with
coaxial needle electrode was demonstrated to be a very accurate tool
for internal measurements on live subjects and was used to measure the
(1)subcutaneous tissue depth at four intramuscular injection sites:
deltoid, (2) gluteus maximus, (3) gluteus medius, and (4) lateral
Pearson product-moment correlations and regression linesfemoral.
Data from the study werewere computed for each of the variables.
compared with two body measurement studies of 22,000 and 10,042 indi­
viduals respectively and the sample was found to be homogeneous with
Weight and girth were found to have the highest cor-the population.
Factors whichrelations with the depth of the subcutaneous tissue.
(1) the sample was conveni-may have influenced the findings were:
ence rather than random, (2) the sample was small, (3) the lack of a
wide range of subjects of varying sizes, and (4) the normal fear and





19-48 years; weight, 104-172 pounds; height, 51-70.5 inches; deltoid
girth 10.25-14.00 inches; hip girth, 34-43.75 inches; and mid-thigh
girth, 16.25-24.25 inches. The average woman in the sample weighed
141.5 pounds, was 65.5 inches tall, and had a hip girth of 39.53 inches
with 1.8 inches of subcutaneous tissue over both gluteal sites. The
arms girth was 12.10 inches with 0.57 inch of subcutaneous tissue at
the deltoid site, and the mid-thigh girth was 19.53 inches with sub-
Scatter dia-cutaneous tissue of 0.85 inch at the lateral femoral site.
These provide a toolgrams and regression lines were plotted on graphs.
for predicting the depth of the subcutaneous tissue from the weight of
the individual or from the respective girth of the specific site. The
(1) there is a greater amount of sub-conclusions from this study are:
cutaneous tissue lying above the muscle mass than has been assumed by
many individuals and by the suppliers of equipment, (2) that many in­
jections are not reaching the muscle mass and therefore are ineffective
and troublesome, (3) there is a positive relationship between body size
and the depth of the subcutaneous tissue, (4) it is possible to predict
from the body size, the depth of the subcutaneous tissue, (5) the depth
of the subcutaneous tissue over the gluteal areas usually exceeds 1.8
inches, (6) the depth of the subcutaneous tissue over the deltoid area
usually exceeds 0.57 inch, (7) the depth of the subcutaneous tissue over
the lateral femoral area usually exceeds 0.85 inch, and (8) needles of
at least two and one-half inches in length are required to administer
an injection in the gluteal regions on the "average" woman.
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